Detect Gluon Polarisation at BNL-RHIC Through J/ijj Pair Production Process 
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Our recent study shows that the double spin asymmetry of J/ip pair production is measurable 
in polarised p — p collision at RHIC in near future. And hence it enables us to extract the polarised 
gluon distribution function AG(x). 
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Intrigued by the measurement of the European Muon 
Collaboration in polarised-target experiment M , an enor- 
mous amount of researches have been carried out on the 
nucleon spin structure. The unpolarised deep inelastic 
scattering (DIS) experiments indicate clearly that the 
gluons share a large portion of the parent proton's mo- 
mentum. However, what portion of proton spin is car- 
ried by gluons is still an open question. Although there 
are some efforts to parameterise the polarised gluon 
distributions, it is still quite unclear which of these pa- 
rameterisations represents the reality of nature correctly. 
To explore this issue, commonly believe that the study of 
processes other than DIS is necessary. It is now expected 
that the polarised proton-proton collisions at BNL rel- 
ativistic heavy-ion collider(RHIC) will provide copious 
experimental data to unveil the polarised parton distri- 
butions. 

Up to now, three main kinds of schemes in measuring 
the gluon polarisation are proposed, which are thought 
to be feasible at RHIC technically. Those are 

• High-pT Prompt Photon Production 

• Jet production 

• Heavy Flavor Production 

There are advantages and disadvantages in each of these 
scenarios. For detailed discussions on this, see recent re- 
view paper of Ref. Q . 

Quarkonium production and decays have long been 
taken as an ideal means to investigate the nature of QCD 
and other phenomena. Due to the approximately non- 
relativistic nature, the description of heavy quark and 
antiquark system stands as one of the simplest appli- 
cations of QCD. The very clean signals of quarkonium 
leptonic decays enable the experimental detection with a 



high precision, and therefore quarknoium plays a unique 
role in investigating other phenomena. 

Nevertheless, theoretical description for quarkonium 
production is still premature, although the heavy quarko- 
nium physics has been investigated for more than twenty 
years. In explaining the high-py J ftp surplus produc- 
tion discovered by CDF group HHfjJat the Fermi- 
lab Tevatron, the color-octet scenario || was proposed 
based on a novel effective theory, the non-relativistic 
QCD(NRQCD) g]. Having achieved the first-step suc- 
cess in explaining the CDF data, however, color-octet 
mechanism also encounters difficulties in confronting 
with other phenomena fl(i[| . Due to a recent discovery 
jllj , the extent of importance of color-octet contributions 
in Charmonium production remains to be unfixed. 

During the past years, a series of efforts have been 
made on detecting polarised parton distributions through 
quarkonium production processes |I^ , |il|[i4|[i5|]ll| . Most 
of these investigations are not directly applicable to 
RHIC physics, and they are spoiled by the uncertainties 
aforementioned. In recently, it is found |l7j] that double 
heavy quarkonium production in polarised proton-proton 
collision provides an ideal means to detect the polarised 
gluon distributions at RHIC, and which may at least play 
a supplemental role to the presently proposed program 
in this end. In literatures [ fbS|]lSfl , there were discussions 
of detecting the gluon polarisation by means of double 
J/tjj production, but with main emphasis not on RHIC 
physics and without presenting the analytical expressions 
for the relative differential cross sections. 

The double quarkonium production has several advan- 
tages in reducing the theoretical uncertainties mentioned 
above. (I) By considering double production, the rela- 
tivistic corrections and color-octet uncertainties are sup- 
pressed, especially without or with a lower transverse mo- 
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important in chasing the goal of uncovering the nucleon 
spin structures. 
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FIG. 3. Angular differential asymmetry distribution of the 
colliding energy ,/s = 500 GeV. 

The total cross sections with different parton parame- 
terisations are summarised in table I. The discrepancies 
among these results are not very large as expected. 

TABLE I. Total cross sections for J/ip pair production at 
RHIC with y/s = 500 GeV, evaluated with different parton 
distributions. 



a tot 



oVi+u-flPrl > 1 GeV ) 



CTEQ5L [§D 11.8 pb 



7.3 pb 



MRST |2| 



6.5 pb 



4.3 pb 



GRV @ 



7.4 pb 



4.7 pb 



Here, the notation c„+„- means that the branching ratio 
of B(ip — > = 0.0588, as the practical measuring 

mode to reconstruct the charmonium state, is included. 
From the predicted cross sections, we see that with the 
integrated luminosity of 800 pb^ 1 in the future run of 
RHIC, there will be thousands of J/ip pair events to be 
detected, which can certainly give us some information 
on the gluon polarisation within the hadron. 

In summary, it is found that the J/ip pair production 
at RHIC may stand as an independent means of ob- 
serving the gluon spin distributions within the hadron. 
The asymmetry, rather than cross sections, eliminates 
large amount of uncertainties which come from the non- 
perturbative hadronization. In the future run of RHIC, 
that is to say with colliding energy of 500 GeV and ac- 
cumulated luminosity 800 pb -1 , thousands of J ftp pair 
events could be detected and the gluon polarisation could 
be measured. With the expected upgrade of RHIC in fu- 
ture, the concerned process would show up to be more 
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